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Abstract 7 
Mooring ropes are essential components of offshore installations, and synthetic ropes are 8 
increasingly preferred because of their favourable cost to weight ratios.  In-service condition of these 9 
materials is traditionally monitored through costly visual inspection, which adds to the operating costs 10 
of these structures. Acoustic Emissions (AE) are widely used for condition-monitoring in air, and show 11 
great potential underwater. This paper investigates the AE signatures of synthetic mooring ropes 12 
subjected to sinusoidal tension-tension loading in a controlled environment, using a large-scale 13 
dynamic tensile test rig.  With a linear array of 3 broadband (20 Hz – 50 kHz) hydrophones, four main 14 
signatures are identified: low-to high frequency, low-amplitude signals (50 Hz – 10 kHz), low-15 
amplitude broadband signals (10 kHz – 20 kHz), high amplitude signals (10 Hz – 48 kHz) and medium-16 
amplitude signals (500 Hz – 48 kHz). These AE types are related to different stages of rope behaviour, 17 
from bedding-in to degradation and failure. The main findings are that the failure location and 18 
breaking load can be identified through the detection of AE. The occurrence of high amplitude AE 19 
bursts in relation to the applied tensile load allows the detection of an imminent failure, i.e. prior to 20 
the failure event. These initial results indicate that AE analyses can enable the integrity of synthetic 21 
mooring ropes to be monitored.  22 
 Keywords: Acoustic Emissions (AE) – Mooring ropes - Wave Energy Converters (WECs) - 23 
Condition Health Monitoring (CHM) – Reliability, Mooring ropes 24 
1. Introduction 25 
Most offshore structures need mooring systems, in order to provide a restoring force to 26 
counteract the effects of wind, wave and current loads. As operations move into more challenging 27 
marine environments (e.g. deeper waters or wave-energy generation), the offshore industry has 28 
repeatedly expressed concerns about the frequency of mooring line failures [1], potentially resulting 29 
in high cost mooring designs. Steel chain and wire rope have conventionally been used, but 30 
contemporary designs often feature synthetic polyester ropes which typically have a lower submerged 31 
mass per unit length, a lower cost per unit length and the potential to reduce peak loadings [2], [3]. 32 
Mooring ropes will be subject to variable loads throughout their lifetime, affecting their operational 33 
properties (i.e. stiffness and damping) and potentially inducing fatigue [4]. For the most critical assets 34 
(e.g. oil platforms), regular inspection with submersible vehicles is still the tool of choice for condition-35 
monitoring, despite its known limitations [1] and the latest guidelines recommend full replacement of 36 
ropes every few years [5]. Direct inspection is not easily carried out in more challenging environments, 37 
for example in the energetic conditions suited to Wave Energy Converters (WECs) or in the strong 38 
currents favoured for tidal turbines[6]. Mooring costs correspond to more than 10% of the capital cost 39 
of a typical WEC installation [7] and regular visual inspection with submersible vehicles would further 40 
affect the costs of marine renewable energy production, especially when scaled up to the dense arrays 41 
now planned. Some limited applicable mooring monitoring systems have been developed such as 42 
MOORASSURE, Inter-M Pulse, Load Cell Tension and Inclination Monitoring [8]. Other monitoring 43 
methods include steel catenary riser inclination/vibration, tendon tensions, fibre optic long base strain 44 
gauges, mooring winch vendor and pull tube monitoring [9]. However, the reliability of most existing 45 
monitoring techniques has not be proven and most are only capable of detecting the failure but not 46 
the degradation of the mooring lines [8], [10]. 47 
Remote monitoring of mooring condition using Acoustic Emissions (AE) is an attractive option 48 
and, it should be possible to monitor a large variety of mooring structures at once, for a much lower 49 
cost. Condition Health Monitoring has long used AE in air, for a variety of systems and application such 50 
as AE monitoring of wire ropes [11], [12]. Acoustic waves propagate better in water, being less 51 
attenuated over larger distances, and recent work showed WEC signatures could be distinguished up 52 
to 200 m away [13]. AE from mooring ropes needs to be separated from other noises associated with 53 
device operation (e.g. the Power-Take Off system of a WEC), maintenance (e.g. supply or repair 54 
vessels) and environment (wind, weather and waves, mostly) [14]. In the case of WECs, this is 55 
exacerbated by the fact that mooring connections can significantly affect energy absorption and 56 
production [15], potentially changing the acoustic signature from surface waves. It is therefore 57 
extremely important to understand the exact acoustic contributions of mooring ropes to the 58 
soundscape, in particular as they approach failure.  59 
This article focuses on polyester ropes, as they are potentially an enabling technology for cost-60 
effective mooring systems [3]. Polyester ropes are preferable over steel ropes as certain materials and 61 
constructions display greater compliance which can lead to a reduction in peak loadings. Their 62 
operational characteristics are however complex, often with time-dependent viscoelastic and 63 
viscoplastic behaviour [16]. For the purpose of this study three samples of a typical rope material and 64 
construction were tested in the controlled environment of the large-scale dynamic test rig DMaC 65 
(Dynamic Marine Component, University of Exeter), under a variety of loads typical of marine 66 
operations (Section 2). Their Acoustic Emissions were monitored with 3 broadband hydrophones and 67 
specific signatures were identified in spectrograms (Section 3). The time-of-arrival localisation of 68 
specific AE is linked to the physical processes of degradation and failure (Section 4). This Section also 69 
identifies which characteristics can best be used at sea, focusing on the application of this technique 70 
to Wave Energy Converter mooring system monitoring. The concluding remarks are presented in 71 
Section 5. 72 
2. Experimental Testing 73 
Underwater acoustic testing has been carried out to study the AE of synthetic fibre mooring 74 
ropes. The aim of the testing was to detect the release of acoustic waves or energy in response to 75 
applied loading regimes, informing remote monitoring options for reliability and durability assessment 76 
of polyester ropes.  77 
2.1. Samples 78 
The rope type chosen for the experiments was a 12-strand double-braid polyester rope with 79 
a nominal diameter of 24 mm. The rope has six right-hand laid strands and six left-hand laid strands 80 
that produce a torque balanced rope. It is a double-braided rope with a core enclosed by an outer 81 
braid cover. The internal and external core construction are both laid in a braided assembly. This 12-82 
strand double-braid rope construction offers high strength and very good abrasion resistance and as 83 
such is well suited to MRE mooring applications [3].  84 
Acoustic testing was carried out on three polyester rope samples from the same 85 
manufacturers batch, referred to as R1, R2 and R3 in the following sections. The three samples were 86 
eye-spliced in order to connect them into the test rig using mooring shackles. The total eye-to-eye 87 
length of the three spliced ropes before loading was measured to be R1 = 3.53 m, R2 = 3.60 m, R3 = 88 
3.62 m. The rope sample properties are given in Table I as stated by the manufacturer [17]. Figure 1 89 
(a) provides a schematic of the construction of double braided rope and Figure 1(b) shows the 90 
photograph for internal core and outer cover of the rope.  91 
Table I Rope properties & Specification [17] 92 
 93 
 94 
 95 
 96 
 97 
 98 
 99 
 100 
 101 
Figure 1: a. Construction of the 12 strand double-braid polyester rope sample. b. Photograph of the core and cover of the 102 
rope during the eye splicing process. 103 
2.2. Test facility and Tensile load profile 104 
The DMaC facility is a purpose built test rig that can replicate the forces and motions that 105 
components are subjected to in offshore applications. The rig can test component specimens of up to 106 
6 meters in length and has the capability of carrying out immersed component testing. The linear 107 
actuator and the headstock allow the dynamic testing of  large scale components in a fully-controlled 108 
environment by applying realistic motion and load time-series [18]. 109 
All three rope samples were subjected to similar tensile cyclic loading regimes with the 110 
objective to progressively increase the maximum load until failure. Before applying tensile cyclic 111 
loading, bedding-in was carried out for all three rope samples. The bedding-in procedure was specified 112 
using the rope MBL as outlined in [16]. However, due to time constraints a shortened procedure was 113 
Material High tenacity Polyester Multifilament fibre 
Construction 12 strands double braid 
Nominal diameter 24 mm 
Nominal mass in water 0.13 kg/m 
Minimum breaking force 129 kN 
specified with shorter load-hold durations. A twenty minute bedding-in time interval comprising hold 114 
and ramp cycles lasting twenty seconds with a minimum and maximum load of 5 kN and 20 kN 115 
respectively was used. The time series plot for bedding-in cycles is given in Figure 2 (a). It is 116 
acknowledged that the samples may not have been completely bedded-in after this process.  117 
   118 
Figure 2: a. Twenty minute bedding-in time schedule for rope, 20 second hold and ramping, Min load = 5 kN, Max load = 20 119 
kN (b) Fifteen minute cyclic loading time schedule, Min load = 5 kN, Max load = 90 kN (an example plot as maximum load 120 
progressively increased until failure). 121 
The rope samples were subjected to sinusoidal load cycles, oscillating between the minimum 122 
and maximum loads indicated. The minimum loading was set to 5 kN, whilst the maximum loading 123 
was stepwise increased from 30 kN until rope failure. An example time series plot for cyclic loading of 124 
between 5 kN and 90 kN is shown in Figure 2 (b). The cyclic loading was increased linearly in order to 125 
study the acoustic emission for all regimes. Rope sample R1 was tested with slightly larger step-sizes 126 
to identify loads of increased acoustic release. Rope samples R2 and R3 were tested with smaller 127 
incremental steps to provide a different load increment. Initially, the rope sample R1 was subjected 128 
to load cycles with a time period of 40 s, and this was later increased to 60 s for rope sample R2 and 129 
R3 to minimize the background noise caused by the test rig. Table II summarizes the individual test 130 
cycles experienced by each rope sample. 131 
Table II Loading regime and time schedule for cyclic loading. 132 
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Acoustic set up 133 
In order to carry out underwater acoustic testing of polyester ropes, a linear array consisting 134 
of three hydrophones was installed inside the DMaC test rig. Two of the sensors were SQ26-08 135 
Cetacean cylindrical shaped directional hydrophones and the third was a ball-shaped JS-B100-C4DS-136 
PA Integrated Acoustic Sensor. Table III summarizes the specifications for both types of hydrophones 137 
used. The two cylindrical hydrophones were placed at the two ends of the rope samples close to the 138 
splices (‘Headstock hydrophone’ and ‘Z-ram hydrophone’) and the third ball hydrophone was placed 139 
at the centre of the rope samples (‘Centre hydrophone’). The hydrophones were placed at equal 140 
distances (i.e. 1.6 m) along the rope in order to cover the entire length of the rope. A schematic of this 141 
configuration and photographs of the mounted hydrophones are shown in Figure 3. 142 
The test rig was filled with fresh water and the rope samples were submerged 10 cm deep. 143 
The hydrophone array was placed at a distance of 10 cm next to the length of the rope and at the 144 
same depth in the water. The hydrophones were enclosed in a wire cage to protect them from 145 
damage. Similarly, the cables of the hydrophones were passed through PVC pipes for protection. The 146 
pipes were filled with self-expanding foam to avoid them acting as acoustic wave-guides. The 147 
hydrophones were fixed to the rig using G-clamps and timber with the use of protective padding to 148 
avoid the transmission of any external vibration. 149 
Table III Specification for hydrophones used for measurements. 150 
Hydrophone type Frequency Range  
(kHz) 
Transducer Sensitivity 
(dB, re 1V/µPa) 
SQ26-08 Cetacean 0.02 – 50 -169 
JS-B100-C4DS-PA  0.02 – 50 -168 
 151 
Figure 3: Schematic diagram (top view) and associated photographs showing the experimental set up for underwater 152 
acoustic rope testing inside the DMaC test rig.  153 
 154 
2.3. Limitations 155 
Overall, the designed setup provides a suitable method for testing ropes. However, it is 156 
acknowledged that there are some limitations to the experimental method if compared to the AE that 157 
would be measured offshore. The selected ropes are of small diameter and short in length compared 158 
to mooring lines in sea. These experiments are carried out by shortening the length of the rope as it is 159 
not possible to test full length ropes in most tension-tension test rigs and furthermore it is standard 160 
practice to test short samples [3]. The mooring ropes used in the test are of similar material and 161 
construction, therefore the test results are deemed to be representative. Similarly, the loading has 162 
been carried out using accelerated testing with the assumption that the damage accumulates over the 163 
lifetime of the ropes [19]. The correlation between the accelerated rope testing for synthetic ropes 164 
under controlled laboratory conditions (DMaC test rig) has been compared with real sea data [20]. 165 
The comparison between two tests and numerical simulation concluded that it might be possible to 166 
carry out accelerated testing on ropes by accumulating failures modes [20]. In this study the number 167 
of samples are limited; however, all samples produce very consistent and similar results. The work will 168 
be extended to more samples as well as field testing. 169 
2.4. Data analysis methods 170 
Most of the AE signals are non-stationary and often comprise overlapping transients whose 171 
waveforms and arrival time are unknown. Therefore, instantaneous and non-averaged frequency 172 
analysis was used for feature extraction, which can be obtained using Short Time Fourier Transform 173 
(STFT) [21], [22]. Figure 4 (a) shows the schematic for STFT to obtain spectrogram. Figure 4 (b) provides 174 
an example plot for time domain data and corresponding spectrogram. By using STFT, the 175 
instantaneous acoustic features in time domain data (i.e. peaks) are clearly distinct in the spectrogram 176 
(i.e. transitions in spectral contents). The STFT data analysis technique is limited by its fixed time and 177 
frequency resolution i.e. a narrower window gives good time but poor frequency resolution and vice 178 
versa. Poor resolution may contribute to a loss of possible AE features; therefore multiple windowing 179 
widths (256, 512, 1024, 2048, 4096, 6400 and 8192 data points), filtering and overlap were used for 180 
data analysis to resolve this issue.  181 
The acoustic sources can be localised by calculating the time difference of arrival measured 182 
with the associated pairs of hydrophones. The time difference between two signal arrivals can be 183 
calculated using the cross-correlation function [22], which is a measure of similarity between two 184 
waveforms as a function of time-lag applied to one of them.  185 
 186 
Figure 4: (a) Schematic diagram show STFT analysis technique (b) An example time domain signal and corresponding 187 
spectrogram output.  188 
(a) (b) 
3. Results 189 
This section presents the key results obtained from the experiments outlined in the last 190 
section. Firstly, the background noise of the test rig is characterised in order to isolate the acoustic 191 
emissions from the rope specimens. Secondly, the observed acoustic emission signals are classified. 192 
Finally, the key observations for all three rope samples are summarised. 193 
3.1. Background noise 194 
The hydraulic test rig produces noise stemming from the hydraulic pumps, valve activity and 195 
mechanical movements. This background noise can potentially mask the AE signal from the rope 196 
specimens, and it was thus important to characterise these signals. The noise characterisation of the 197 
test rig was carried out by filling it with water and monitoring the AE signal during different cyclic 198 
loading conditions in force control mode.  199 
Figure 5 (a) shows the time domain recording of the linear actuator hydrophone (red line); it 200 
has been superimposed with the loading cycle of the test rig (blue line). The amplitude of recorded 201 
noise and loading cycles has been normalised to allow a direct comparison. It can be observed that 202 
the level of background noise is governed by the motion of the hydraulic actuator. Increased noise 203 
amplitudes are recorded when the actuator is moving, i.e. ramping up or down towards maximum or 204 
minimum loading. Noise levels are reduced when the loading reaches a maximum – i.e. when the 205 
linear actuator is relatively steady. Knowledge of this acoustic behaviour allows distinction to be made 206 
between the noise produced by the DMaC facility and samples, particularly at higher loadings. 207 
The test rig produced a continuous high amplitude and low frequency tonal noise at 230 Hz. 208 
The harmonics of the tonal noise can be seen in the spectrogram along with high frequency 209 
cracking/mechanical noises due to valves and movement of the linear actuator as shown in Figure 5 210 
(b). The headstock of the rig was held at a fixed position; therefore, the source of noise was due to 211 
the movement of the linear actuator alone. 212 
Furthermore, the AE of the test rig is very periodic, which improves the predictability of this 213 
noise source. The amplitude of the noise produced varies in accordance with the time period of the 214 
loading cycle, i.e. it depends on the speed of linear actuator movement.  The optimum loading cycle 215 
was found to be at 60 s duration where the linear actuator produces minimum noise for a given load. 216 
Thus longer cycle durations were selected to reduce the AE emissions from the test rig. It is 217 
acknowledged here that the 60 s duration load cycle is larger than what would be experienced by 218 
mooring systems of small wave energy converters excited at first-order wave frequencies. 219 
 220 
 221 
Figure 5: a. Time domain recording for the hydrophone placed close to linear actuator (Z-ram, red line), with superimposed 222 
loading cycles (blue line); the amplitudes of the recorded data and the loading cycles have been normalized for comparison 223 
b. Spectrogram plot. 224 
3.2. Acoustic emission signatures 225 
The polyester rope samples subjected to cyclic loading produced a variety of AE. All of the AE 226 
signatures detected from the rope specimens were bursts of sound lasting for a very short period of 227 
time in the order of 0.5 ms, which are henceforth referred to as “signals”. Impulsive signals are distinct 228 
acoustic signals separate in time while continuous signals contain a combination of indistinguishable 229 
individual waveforms. During testing a number of different signals were detected. 230 
Figure 6 (a) shows the time domain plot for a low to high frequency acoustic signal and Figure 231 
6 (b) gives the corresponding spectrogram. This acoustic signal spans from 50 Hz – 10 kHz and appears 232 
for very short periods of time. The measured amplitude for these signals was between 90 and 100 dB 233 
re 1 µPa. They are few in number, typically one or two signals were detected for each rope sample 234 
studied. 235 
 236 
 Figure 6: A representative example of a low-to-high frequency signal (a) time domain (b) spectrogram.  237 
Figure 7 (a) shows the time domain plot for a low amplitude acoustic signal and Figure 7 (b) 238 
gives the corresponding spectrogram. The acoustic signature for the low amplitude signals is fairly 239 
narrowband as compared to the other acoustic features described later. The signature appears within 240 
the frequency range of 10 kHz – 20 kHz. The measured amplitude for these signals was around 90 dB 241 
re 1 µPa. The observed acoustic signatures for the low amplitude signals were very consistent in all 242 
three ropes and produced more or less an identical signature.  243 
    244 
Figure 7: A representative example of a low-amplitude signal (a) time domain (b) spectrogram. 245 
The medium amplitude signal is broadband and covers the frequency band 500 Hz – 48 kHz. 246 
Time-domain and spectrogram representations of a typical medium signal are shown in Figure 8 (a) 247 
and (b). The measured amplitude for these signals was between 110 and 120 dB re 1 µPa. 248 
     249 
Figure 8: A representative example of a medium-amplitude signal (a) time domain (b) spectrogram. 250 
Figure 9 (a) shows the time domain plot for a high-amplitude acoustic signal and Figure 9 (b) 251 
gives the corresponding spectrogram. The high-amplitude signal spans the entire frequency range 252 
measured, i.e. 10 Hz – 48 kHz as the hydrophone’s sampling frequency was set to be 96 kHz. The 253 
spectral contents and time domain waveforms of the large AE signal are identical to what was 254 
observed in all rope samples. The measured amplitude for high amplitude signals was between 120 255 
and 130 dB re 1 µPa. The time domain waveform of high amplitude signals show multiple hits (i.e. 256 
each peak is counted as one hit). An average of up to thirty hit counts has been found in a high 257 
amplitude AE signal.  258 
   259 
Figure 9: A representative example of a high-amplitude signal (a) time domain (b) spectrogram. 260 
3.3. Classification 261 
During testing a number of different signals were detected and hence the introduction of 262 
some descriptive language will help to classify them (Table IV). 263 
Table IV Classification of AE signatures due to loading on polyester rope in the DMaC acoustic testing. 264 
Classification Amplitude 
(qualitative) 
Amplitude 
(quantitative) 
dB re 1 µPa 
Frequency 
range 
(kHz) 
Example 
spectrogram  
Low to high frequency 
signal 
Low 100 0.05  – 10 Fig 6 
Low amplitude signal Low 90 10 – 20 Fig 7 
Medium amplitude signal Medium 110 0.5 – 48  Fig 8 
High amplitude signal High 125 0.01 – 48 Fig 9 
3.4. Full testing cycle results 265 
AE in synthetic ropes was detected as low amplitude signals when the cyclic loading was 266 
increased to more than 50 % MBL (64.5 kN). As the loading increased beyond 70 % MBL (90.3 kN), the 267 
rope samples entered into a new AE regime and started producing more frequent high-amplitude AE 268 
signals. Figure 10 shows the total number of AE signals recorded against the maximum applied loading 269 
force for rope sample R3.   270 
 271 
Figure 10: Total number of AE signals vs maximum loading force (kN) with respect to cyclic loading (minutes) applied on 272 
rope sample R3.    273 
With the increase in loading force, the rope samples produced a series of high-frequency AE 274 
signals.  As the mean load was increased more high-frequency noise along with a series of large signals 275 
were produced followed by internal core and subsequent outer core failure.  All rope samples failed 276 
before the rope was loaded to the MBL specified by the manufacturer i.e. the rope sample R1, R2 and 277 
R3 failed at 76 % MBL, 77 % MBL and 87 % MBL respectively. Failure location was identified by the 278 
time difference of arrival measured with pairs of hydrophones. Table V summarizes the location and 279 
measured breaking load for the three rope samples. Figure 10 shows the accumulative AE signals 280 
observed under cyclic loading (rope sample R3). Under cyclic loading low-amplitude signals were 281 
recorded near the headstock. The number of signals increased leading to appearance of high 282 
amplitude signals. Similar, signals were also observed at the other end of the rope (Z-ram). However, 283 
the rope failed near the headstock which shows earlier and lower amplitude signals. Therefore, it can 284 
be concluded that low-amplitude signals provide an indication of the initiation of a weak point in the 285 
rope. Similar behaviour has been observed in other two rope samples. 286 
Table V A summary of the failure information for the 3 synthetic fibre rope samples. 287 
Sample Rope # R1 Rope # R2 Rope # R3 
Actual Breaking Load (ABL) 98 kN (76 % MBL) 98.5 kN (77 % MBL) 112 kN (87 % MBL) 
Failure location Near linear actuator Near headstock Near headstock 
Failure images 
   
 288 
4. Discussion 289 
Underwater AE measured during loading of mooring ropes has been studied at the DMaC test facility. 290 
Multiple AE signatures were recorded from the samples tested. The measurements obtained indicate 291 
that the AE signals could be related to different physical phenomena such as bedding in, slippage and 292 
failure. Initially low amplitude signals were detected which might be produced due to realignment or 293 
rubbing of the fibre threads in the rope [4]. Previous work focused on several different kinds of 294 
damage mechanisms in ropes and studied the performance and durability of a rope deployed for 18 295 
months at sea [4]. The study reasoned that wear occurring due to friction between the moving fibres 296 
or yarns, accelerated by the ingress of particles into the rope structure, was a likely cause of altered 297 
rope properties including a lower measured MBL. Friction occurring between the fibres will cause 298 
localised heating of the rope and could cause AE. The low-amplitude signals recorded provide some 299 
indication of the possible initialization of weak points in the rope as all ropes failed in the proximity of 300 
where these signals had been detected first.  301 
With the progressive application of load cycles, the rope samples started producing high-amplitude 302 
signals. The spectral contents and time domain waveforms of the high amplitude AE signals are 303 
identical to what was observed for all rope samples. Therefore, it is likely that a similar physical 304 
phenomenon is producing these signals. The hypothesis is that the high-amplitude AE signals might 305 
have been generated by the failure of load bearing elements in the rope (i.e.  fibres, yarns and/or yarn 306 
assemblies) possibly caused by abrasion between contacting elements (as reported in [4]). These 307 
failure might also be the result of unequal load sharing in short rope sample. Therefore, the rope failed 308 
on either end near the splice. An average of thirty hit counts has been identified.   309 
The time of arrival for these high amplitude signals at the hydrophones was used to locate the weak 310 
point in the rope. It was concluded that all observed high amplitude signals were more or less 311 
originating from single or multiple weak points identified earlier in the rope. Counting the number or 312 
the intensity of high amplitude signals could be used to monitor the condition of mooring ropes in-313 
situ. AE can be potentially used to predict the imminent rope failure to avoid the catastrophic incident.  314 
As shown in Table V all rope samples failed at different breaking loads at, or close to a splice. Figure 315 
10 plots the accumulative AE signals for rope sample 3. The other two rope samples show more or 316 
less similar trends in generation of low amplitude and high amplitude signals. This work acts as a 317 
baseline and there is a clear need to carry out testing for identical samples under identical loading 318 
conditions. Such experimental data could then be used to develop an empirical derivation for 319 
continuous monitoring and the prediction of imminent mooring rope failures. 320 
The AE signals were produced over various frequency bands with varying amplitude. Table 2 321 
summarises the frequency ranges and corresponding amplitudes. For AE monitoring, it is important 322 
to understand how far away the AE signals can be detected. The measured amplitudes for the low- 323 
and high-amplitude signals were around 90 dB re 1 µPa and 125 dB re 1 µPa respectively. These 324 
amplitudes can be regarded as source amplitudes, measured at a distance of 0.1 m from the source in 325 
a controlled laboratory environment. Ignoring other factors for transmission loss geometrical 326 
spreading (15  log10 (distance)) can be used to approximate sound attenuation over a distance from 327 
the source. The geometrical spreading transmission loss for a distance of 200 m, 500 m and 1 km is 35 328 
dB, 41 dB and 45 dB respectively. The sound attenuation in sea is also dependent on the frequency of 329 
its propagation. The absorption due to seawater at 1 kHz, 10 kHz and 50 kHz is 0.06 dB/km, 0.76 dB/km 330 
and 12.77 dB/km [23]. Background noise in the ocean is usually high, with low frequencies dominated 331 
by shipping noise and higher frequencies with wave and wind noise [14]. High frequencies also 332 
experience more attenuation; therefore an AE signal with a broadband frequency spectrum is more 333 
likely to be detectable.  334 
The existing monitoring methods for mooring lines have limited applications. The most commonly 335 
method is visual inspection, which is challenging and potentially hazardous for divers, and also damage 336 
can occur to the mooring lines.  The accumulation of marine growth can also restrict the effectiveness 337 
of visual inspections. Direct & indirect in-line tension monitoring technology exists to detect failures. 338 
Similarly, other techniques include inclinometers which detect failures through mooring line angle, 339 
load cells detect through load monitoring and GPS systems through differential displacement of 340 
mooring ropes. All these methods are capable of only detecting an already failed mooring system. The 341 
proposed technique in this paper points towards a technique that allows the continuous monitoring 342 
of mooring ropes. 343 
Initial work on AE due to synthetic fibre mooring ropes shows promising results. AE monitoring can 344 
provide a multi-purpose non-invasive system which can be placed at some distance from the dynamic 345 
mooring ropes and potentially able to simultaneously monitor multiple lines in array layouts.  346 
5. Conclusion 347 
Polyester ropes are an important part of modern mooring systems. A cost-effective AE monitoring 348 
system is much needed to continuously monitor the integrity of ropes. In this study 12-strand double-349 
braided mooring ropes were tested in a controlled laboratory environment. At DMaC test facility, the 350 
rope samples were subjected to tensile cyclic loading regimes. The load was progressively increased 351 
until the samples failed. A linear array of three hydrophones was used to acoustically monitor the rope 352 
samples. The noise from test rig was characterized and it was found that it produces low frequency 353 
tonal at 230 Hz, which is unlikely to effect the AE testing as mooring ropes generate AE signatures over 354 
a broad frequency band.   355 
The AE testing of mooring ropes revealed multiple types of AE signals with different acoustic 356 
signatures. The AE signals have been divided into four different categories: low-amplitude signal, low-357 
to-high-frequency signal, medium-amplitude signal and high-amplitude signal. The observed 358 
amplitudes for these signals were 90, 100, 110 and 125 dB re 1 µPa respectively. Similarly, the 359 
measured frequency bands for these signals were 10 – 20 kHz, 0.05 – 10 kHz, 0.5 – 48 kHz and 0.01 – 360 
48 kHz respectively. These AE signals are related to multiple physical processes such as slippage and 361 
failure. The time of arrival of these AE signals can be used to locate the weak point in the ropes. It is 362 
concluded that AE monitoring can be used to potentially predict the location of failure as well as 363 
imminent failures. The acoustic features observed in controlled laboratory environment are 364 
surprisingly consistent. 365 
This study has demonstrated that it is in principle feasible to detect mooring line failures with acoustic 366 
emission monitoring techniques. Further work will be dedicated to examine the physical failure 367 
mechanisms in order to demonstrate the working principle of AE monitoring techniques for mooring 368 
systems. The work will also be extended in form of sea trials to study the practical feasibility of AE 369 
monitoring in noisy ocean environment.   370 
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